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8.1 INTRODUCTION 
 
Electromagnetic induction (EMI) sensors have been used extensively to 
locate buried landmines by detecting the metal present in such mines. Near field, 
EMI sensing from 10’s Hz up to 100’s of kHz has been successful in detecting 
metallic target. However, landmines vary in their construction from metal-cased 
varieties with a large mass of metal to plastic-cased varieties with minute amounts 
of metal. Unfortunately, there is often a significant amount of metallic debris 
(clutter) present in the environment. Consequently, EMI sensors that utilize 
traditional detection algorithms based solely on the metal content suffer from high 
false alarm rates. EMI sensors usually consist of a pair of coils, one of which is used 
to transmit either a broadband pulse or a continuous wideband electromagnetic 
waveform. The transmitted field induces a secondary current in the earth as well as 
in any buried conducting objects. In the case of pulsed excitation, the transmit 
waveform is quenched quickly and the receiving coil measures the decaying 
secondary field that has been induced in the earth and subsurface objects. In the case 
of wideband excitation, the receiving coil is placed within the magnetic cavity so 
that it senses only the weak secondary field radiated by the earth and buried objects. 
The phenomenology associated with EMI has been studied extensively. A simple 
phenomenological model that describes the measured time-domain waveform as a 
weighted sum of decaying exponentials has been shown to provide an accurate 
model for such sensors. In general, the decay rates associated with metallic objects 
are slower than that of the earth, so there is more energy in the received signal when 
a metallic object is present under the surface of the earth. This simple 
phenomenology allows very basic signal processing to be employed, for example 
either an energy detector or the overall amplitude of the signal in a given time gate, 
may be used when the goal is to detect any metallic subsurface object. However, in 
highly cluttered sites, such processing can be the source of many alarms. 
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8.2 THEORY 
 
Electromagnetic induction (EMI)–based detection techniques find 
application in a variety of areas, including nondestructive testing, ore body location, 
as well as the detection and identification of landmines and unexploded ordnance 
(UXO). The common metal detector is probably the most EMI device in use today. 
Typical components of a metal detector include a transmitter and receiver coil. As 
depicted in Figure 8.1, electric currents that flow in the transmitter coil radiate a 
primary magnetic field that penetrates the surrounding medium and any nearby 
metallic object. A time changing primary magnetic field will induce so-called eddy 
currents in the buried object, and these currents in turn radiate a secondary magnetic 
field that is sensed (picked up) by the receiver coil. An audio tone is produced 
whenever the metallic object causes the induced receiver coil voltage to exceed 
some threshold. Modern metal detectors are quite sensitive and can detect buried 
low metallic (LM)–content landmines that contain only a few grams of metal. 
Examples of modern-day metal detectors include the U.S. Army’s standard-issue 
AN/PSS-12 manufactured by Schiebel Corporation of Austria and the F3 
manufactured by Minelab Corporation of Australia. Unfortunately, as the name 
implies, a metal detector will produce an audio alarm whenever any metallic object 
is brought near its search coil(s). 
 
 
Figure 8.9: Typical Electromagnetic Induction System 
 
At present, commercially available metal detectors have very limited ability 
to discriminate between landmines and buried metallic clutter. False alarms 
generated by metallic clutter severely limit the speed and efficiency of mine 
clearance operations. For example, Minelab, whose EMI instrumentation is 
frequently used in humanitarian demining operations, reports that it is not 
uncommon to remove 1,000 metallic clutter items per mine. The goal for modern 
EMI systems is, however, more than detection. In order to discriminate clutter from 
LM mines, additional information has to be gathered about the target. The additional 
information that is available with an EMI sensor is contained in the details of the 
orthogonal mode structure of the eddy currents and associated induced fields, and 
how they evolve over time. The eddy current modes are related to the eigenvalues 
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(referred to as “response coefficients,” or “βs”) of the magnetic polarizability tensor. 
EMI sensors are generally characterized as pulse induction or continuous wave, with 
the former using, as the name implies, short pulses of current in the transmitter coil 
while the latter forces a continuous sinusoidal current to flow in the transmitter coil. 
Both are capable of measuring how the eddy currents evolve over time, yielding 
time or frequency-dependent βs that are related to each other by Fourier transforms 
and each technique has advantages and disadvantages. 
 
 
8.3 LITERATURE REVIEW 
 
8.3.1 DESCRIMATION MODE ALGORITHM FOR EMI 
 
The EMI processing algorithm developed using the EMI hardware, the 
F1A4, built by MineLab Corporation. The detector transmits a continuously train of 
alternating of long and short pulses, effectively generating different frequency. The 
responses from the object is sampled and response due to short and long pulse 
combine to create two output signals (referred to A and B channels). So, when no 
metallic object is detected, both A and B channels have values near to zero. Once a 
metal object is encountered, either one or both channels will deviate slightly from 
zero.  
 
 
Figure 8.10: Example Of The EMI Sensor (metal detector) output. (a) Backgroud 
(b) Metal Mine 
 
The energy in an EMI system increased when a metal object is near to the 
sensor. This is true for the F1A4 hardware. Thus, during the search operation mode, 
the metal detector processes the two metal detector output signal by taking the 
maximum of the value A and B channels and use the quantity to drive the audio to 
drive the audio output to indicate detection. The operation is described in equation 
below: 
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𝑦(𝑛) = max(|𝐴(𝑛)|, |𝐵(𝑛)|)      (8.1) 
 
Hence 
y(n) : output as a function of position, n 
A(n) and B(n) : output of the metal detector measured as a function of position, n 
 
An automated algorithm was developed and used to process the blind data 
and the calibration lane on the test site. 
The EMI discrimination mode algorithm has two stages. The first stage 
implements a simple ratio processer to discriminate metal object from bare ground. 
If the receiver data vector is   𝑟(𝑛) = [𝐴(𝑛)𝐵(𝑛)]𝑇, then the output of the first stage 
of the algorithm is 
 
          𝑂1(𝑛) = (𝑟(𝑛) −  µ)
𝑇∑−1 (𝑟(𝑛) −  µ)     (8.2) 
Hence: 
 µ: the mean 
 ∑: covariance structure 
  
The second stage of the algorithm was applied only when the first stage 
exceed a predefined threshold that was determined using the calibration lane data. 
This threshold that was set so that every metal object in calibration data was 
detected. In the second stage processing, location that did not exceed this threshold 
were set into zero. At this stage, we attempted to fit the selected signal with the 
parameters associated with each of the eleven libraries. For each library entry 
comparison {𝛼1, 𝛼2}  was fixed, and {𝑤1, 𝑤2} was randomized in a region around 
their mean to find the best fit to data. The output analysis was a vector of eleven 
mean square error 𝜀2 
 
𝑔𝑜𝑓 =  
1
min {𝜀2}
         (8.3) 
 
The output from second stage of algorithm is then 
 𝑂2(𝑛) =  𝑂1(𝑛). 𝑔𝑜𝑓       (8.4) 
 
8.4 THE RESULTS OUTCOME 
 
From the discussion, by establishing lane data and by establishing the 
threshold for the first stage of the processing, the calibration lane data was used to 
train the algorithm. Generally, the performance of the algorithm on the calibration 
lane data is optimistic. Furthermore, if the data from the calibration lane is indicative 
of the data from the blind grid, it can be considered to be an upper bound. 
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Figure 8.11: ROC curves of search and discrimination mode processing on 
calibration sensor 
 
 
 
Figure 8.12: ROC curves for discrimination mode processing on the blind grids 
from EMI sensor 
 
Fig 8.3 shows the performance of the algorithm described above the on the 
calibration lane data. The performance of this sensor on the calibration lane is better 
than other sensor. At a probability of detection of 0.9, the false alarm rate is reduced 
by a factor 2.5 by using two-stage algorithm describe above. The output of 
algorithm and of the blind grid squares was provided for scoring. Fig 4 shows the 
results from this analysis. At probability of detection of 0.9, the probability of false 
alarm is reduced by 53%. 
  
8.5 CONCLUSION 
 
The hand-held mine detector has two operating modes which are search 
mode and discrimination mode. This paper proposes discrimination mode 
processing algorithms for EMI sensors to enhance the detection performance of the 
hand-held mine detector. The EMI discrimination mode algorithm utilizes a model-
based approach to discriminate mines from clutter objects. Experimental results on 
the data collected at a test site indicated that the proposed algorithms reduce the 
probability of false alarm by as much as 70% at 100% Pd when calibration data 
were processed. This paper considers discrimination of isolated anomalies. The 
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applicability of the proposed algorithms on two closely buried land mines is a 
subject for further study. 
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